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September 1, 1982 - April 30, 1983

Appliced Mathennatics Group
Department ol “lithematics
Stanford University

Principal Investigator: Joscph B. Keller

1. Introduction

This is a progress report of the Applied Mathematics Group in the

b ———

rathematics Department, Stanford University. This group began functioning
. Sasld
officially on September 1, 1979, and is supported by: DTIC TAB * %g
: Unannounced O
e Justification ——
1. Office of Naval Research;
2. National Science Foundation; By
- ) ’ ’ Distribution/
3. Amy Rescarch Office; Avallability Codes
Avail and/er
4. Air Force Office of Scientific Research; Dist Special

5. Stanford University.

A-/

The personnel comprising this group during all or part of the reporting

period iire:

1. Joscph B. Keller, Professor of Mathematics, Stanford University;
2. Russcl L. Callisch, Assistant Professor, Stanford University;

3. John I, Maddocks, Actine Assistant Professor, Stanford University;

do Meira S, Falkovitz, Postdoctoral Fellow, Stanford University;

5. Victor Twersky, Professor of Mathematics, University of Illinois,
Chicago Circle;

6. Jdohn G. Watson, Assistant P'rofessor, University of Miami;
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7. Bernard A. Lippmann, Professor of Physics, fmeritus, New York
University;
8. Kevin C. Nunan, Graduate Student;
9. Michael I. Weinstein, Postdoctoral Fellow, Stanford University;
10, Stephanos Venakides, Assistant Professor, Stanford University;
11. Margaret Cheney, Rescarch Associate, Stanford University;
12, Graham Eatwell, Postdoctoral Fellow, Stanford University;
15. [lLuis Lopez-Bonilla, Reseiarch Associate, Stanford University;
14, James Geer, Professor of Mathematics, School of Advanced Studies,
SUNY, Center at Binghamton, New York.
15. Michacl Recken, Professor of lhthémntics, University of Wuppertal,
Germany.
16, Lrik Hansen, Professor of Mathematics, Technical University of

Denmark, Lyngby.

The various rescarch activities of the members of this group are
indicated by the list of publications contained in Section II. Abstracts
or introductions from the papers produced during the report period are
contained in Scction ITI.

In addition to the manuscripts alvcady submitted, a nuwnber of projects
are nearving coapletion, ‘thus Proflessor Keller, while at the Woods liele
Oceanographic Institute during the swmer of 1982, studied the turbulent
diffusion of a chemically reacting substance. Professor Keller and Dr.

Falkovitz are completing a paper on Liescgang rings to account for the

t
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recent results of John Ross and his co-worker in the Chemistry Department
at Stanford., Their theory uses the fourth order Cahn-lilliard equation

to describe diffusion. Dr, Eatwell is studying the propagation of an
acoustic wave through a bubbly fluid, or through a medium containing
resonant scatterers. Dr. Bonilla is studyiag the effective behavior of
an elastic solid composed of randomly oriented crystallites, Mr, Nunan

is calculating the effective viscosity of a suspension of rigid spherical
particles in a viscous fluid and the effective clasticity of a lattice of
rigid spheres in an elastic solid. Professors Geer and Keller are studying
scattering of waves by thin bodies.

In December, 1982 Professor Keller was‘invited to deliver the Weizmann
Lectures at the Weizmann Institute of Science in Rohovot, Israel. In March,
1983 he presented an invifcd lecture at the British Theorctical Mechanics
Colloquium in Manchester, Lngland. In April, 1983 he spent a week as

Distinguished Visiting Professor of Mechanics and Applied Mathematics at

Cornell University.
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50. J.o B, Keller Opt ~rum inspection policies

Pub* Mapnagement Sci., 28, 447-450, 1982,

5L. P. S. Hagan Travelling and stacked travelling wave

solntions of parabolic equations

S R Y Y Y EBL T 1
‘ [

Pub:  SIAM J. Math. Anal., 13, 717-738, 1982,

52. J.-M. Vanden-Broeck Contact problems invelving the flow past an

inflated acrofoil

Pub:  J. Appl. Mech., 49, 263-265, 1982.

53. J.~M. Vanden-Broeck Nonlinar two~dimensional sail theory

lub: Phys. Fluids, 25, 420-423, 1982,

55. P. S. Hagan Spiral waves in reaction diffusion equations

Pub:  SIAM J. Appl. Math., 42, 762-786, 1982.

56. J.-1, Vandea-Broeck Parabolic approximations for ship waves and

J. B. Keller wave resistance

Pub: TProceedings of the Third International
Conference on Numerical Ship Hydrodynamics,
Paris, France, June 16-19, 1981.

57. A. Jeffrey

Asymptotic Methods in Nonlinear Wave Problems
T. Kawahara

Pub: Pitman Publishing, Ltd., London, 1982,

58. M. J. Miksis Rising Bubbles
J.=H. Vanden-Broeck - N g
¢ J. Flui 2ch., -42, 1982,
J. B. Keller Pub F. Fluid Mech., 123, 31-42, 198
54, J. . Neu Resonant!y intevacting waves

abhs SIANU I Apple Mathe, 43, 1, MAL=150, 1983,

60, Jo B, Keller
M. J. Miksis

Surface tension driveun {lows

Pub:  SIAM J. Appl. Math., 43, Il, 268-277, 1983.

s 61. A. Tepson Folds in solutions of two parameter systems
t’. A. Spence and their calculation: Part I

o,

). .

j} Pub:  Stanford Univ, Numer. Anal. Report,
L%

o,
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62, J. B, Reller Tim

N, AR T

dependent queues

Pub: SIAM Rev., 24, 401-412, 1982,

63. R. I, Caflisch

Shock profile solutions of the Boltzmann equation
B. Nicolaenko

* A%

Pub:  Comm. Math. Phys., 80, 161-194, 1982,

Ll

% Ll

64, P, S. Hagan

Arrew's model of optimal pricing, use and
R. L. Caflisch

exploration of undertain natural resources

—‘I .
Ca
.
=
.

Keller . . .
b Sub:  Econometrica
.
v
i
™ 65, R. I, Caflisch Radiation trausport in a hot plasma

Acc:  SIAM J. Appl. Math., in press.

66. J. B. Keller

Jets rising and falling under gravity
J.-M. Vanden-Broeck

Pub: J. Fluid Mech., 124, 335-345, 1982,
67. R. E. Caflisch Fluid dynamics and the Boltzmann equation
Pub: Stud. Stat. Mech., 5, 194-223, 1983,

68 M. S. Falkovitz Theory of periodic structures in lipid

M Seul bilayer membranes
. L. Frisch N A ] . , P
. M. McConmell Pub: Proc. Nat, Acad. Sci., 79, 3918, 1982.

69. R. E. Caflisch The Fluid-dynamic limit of a model Boltzmann

equation in the prescunce of a shock

Pub:  Institute National de Recherche en
Tnformatique et en Automatique, INRIA
No. 81, June 1981, 1-34.

70. . I, Rhodes=Robinson On the short sarlface waves doe to hall-jimmersed

circular cylinder oscillating on water of
infinite depth

Pub:  Proc., Royal Soc. Loudon A, 384, 333-357, 1982,

71, P. I, Rhodes-Robinson Mote on the reflexion of water waves at a

wall in the presence of surface tension

Pub:  Math, Proc. Cambridge Philosophical Soc.,
92, 369-373, 1982,

*Not supported by AFOSR or ONR.

e et et e OO |
-, -, L L I R .
Ny C O I ORI

- - . ., N e .
. B L L O S S SR AL s D R VL Sl W DR VPR b
N A BN e e L e S N e S AN T e Sl e e e A, A




— TV W el o A e Tt cNTWTeAT AT RY R C= W e = s T T 7T - - - .
—— TEIRTNTN TN TN T AT PRI YT ]
. - -7~ fate® P -

ﬂf‘l""""’"‘r‘.v‘fﬁv‘_“‘ i"’-‘ < ERC S¥IV.r .

L

72. P. ¥. Rhodes-Robinson On " he generation of water waves at an

iner tial surface

Sub.

- ry Y
X PR  ARATI

N 73. R. E. Caflisch Dynamic theory of suspensions with Brownian

X G. C. Papanicolaou effvcts

. Acc:  SIAM J. Appl. Math., in press,

.I
N
hi 74. R. E. Caflisch Instability in settling of suspensions due
?} G. C. Papanicolaou to Prownian effects
l"
o Pub: Proceedings of conference Two-Phase Flow,
N
ot
Ny 75. R, E. Caflisch Shork waves and the Boltzmann equation
-~

B. Nicolaenko , - .

o nieolae Acc: UI'roceedings NSF-AMS conference non-~linear

«

PDE.

76. J. . Maddocks Restricted quadratic forms and their application

to hifurcation and stability in constrained
variational principles

Sub: SIAM J. Appl, Math. *

77. M. S. Falkovitz Spatially inhomogeneous polymerization in
L. A. Segel unstirred bulk

Pub: SIAM J. Appl. Math., 43, 386-416, 1983.

78.

e
v—
.

. Falkovitz

The scale of non-homogeneity as defined by
Frisch

diffusion measurements

—
.
v

Pub:  Journal of Membrane Science, 10, 61, 1982,

79. M. S. Falkovitz
H. L. Frisch ,

i Chem, Eng. Sci.

J. . Keller Ace hem, Eog. Sci

Optimal catalyst distribution in a membrane

-
A

s

0.% M, s, FPalkovitz
Jo B. Reller

72

s » £

Crawling of Worms

v %
0

» T2
RNAX

Acer J, Theor. Biol.

81. A Jeffrey

The random choice method and the
Jo Mvang i

free-surface
water profile alfter the collapse of a dam wall

Pub: Wave Notion, 5, 381-389, 1982,

*Not supported by AFOSR or ONK.
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- 82. Jo Gl Watson A s tistical theory for fmperfect bifurcation
.. L. L. Reiss . . -
o Pub: SIAM J. Appl. Math.,, 42, 135-148, 1982,
3 83. Jo G Watson Ref tection, scattering and absorptioa of acoustic
ROy J. B, Keller waves by rough surfaces
ﬁ: To be submitted.
i 84. M, l. Weinstein

GClobal existence for a genceralized Kortewey -
de Vries cquation

i Sub: STAM J. Math. Anal.
W
"

85. M, I. Weinstein Nanlinear Schrodinper cquations and sharp

interpolation estimates

Pub: Commun, Math. Plhys., 87, 567-5706, 1983,

———

86. M. Cheney Two-dimensional scattering: the number of

bound states from scattering data

Sub: J. of Math. Phys,

87. L. L. Bonilla

Relaxation oscillations, pulses, aund travelling
A. Lindn

waves in the diffusive Volterra delay-differential
equation

Acc:  SIAM J. of Appl. Math.,, in press.

88. P. F. Rhodes-Robinson Note on the effect of surface tension on water

waves dat an inertial surface

Pub: J. Fluid Mech., 125, 375-377, 1982,

89. Jo B. Keller

Weak shock diffraction
J. Hunter

Acc: Wave Motion, in press.

90, Joho Keller Weakly vonlinear hivh frequency waves
Joothanter

Acc: Comme Pure and Appl. Math. in

press.,

9l. JooBy Veller

Asymplolic analysis of a viscous Cochlear model
J. €. Neu

Sub: JIALSA,

2. dJo B Feller arabolic approximations for ship waves and « e
92 1. | Folley I’ hol X lmat for si w 1 wav
Jo=t, Vanden=Broeck resistance

Pubi Proc. drd Intt. Conf. on Numerical Ship

Nydrodynamics,Paris, France, June 16-19, 1981.
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The noe rical computation of twrning points of
Al epson nonltiner equations

Pub: Treatwent of Intepral Fgquations by Numerical
Hethods, 109-183, London, 1982,

o
E}% BRI Jo B Reller Biot's poroclasticity cquuations by homogenizition
. . ’
o R. Burridee

Pub: Sprineer Lecture Notes, in Macroscopic
Propertics of Disordered Media, NY, 51-57,1982,

(4
s
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95, Jo B. Reller Capillary waves on i vertical jet

Acer WIo Fluid HMech., in press.

Yo, J. Bo Reller

Survival estimation using censored data
A. S, Whittemore

Sub: J. Roval Statist. Soc., Series B

a7. J. B Reller Figenvilues of slender cavities and waves in
J. 1. Geer slender tubes

To be submitted.:

- . b4
u8. Jo B Reller Valuation of stocks and options
R. Voronka

To be subinitted.
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PUL. ABSTRAUTS OF MARTSCRIPTS BHETTED STRCE HARCH 1H, 1982,

. Lo bBynamic theory ol suspensions with Brownian eftfects, by Re B, Caflisch

and G, C. Papanicolaea.
Woe congider a suspension of particles in a fluaid seceling under

Lhe
i lacnce of gravity ond dispersing by

Brownian motion. A mathematical des-

cription is provided by the Stokes cquations and a Fokker-Planck equation for

. BT L At e TE V.S mmems - =

the one-particle phase space density.  This is a nonlinear system that depends

- on a number of parametric functions of the spatial concentration of the

o,

- partictes,  These functions are kunown only capirically or for (late suspensions.
- Ve analyze the system; its stability, its asymptotic behavio nader ditferent

v scalings and its validity Crom a move microscopic descriptio

-

£

'

0

LY

L3

.
2. Tvo~dimensional scattering:  the number of bound states {rom scattoering
data, (a), by M. Cheney,

Retations ave Jfound beltween scatlerdng data and the gpectyum for the
two=d imensional Sehrodinger operator A+V(x), where V is a local noncentral
potential,  1In particular a two-dimensional version of the Levinson theorem
is obtained; this theorem pives the number of bound states in terms of the
change in phase of the determinant ol the scattering operator,
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B, Hicolacnio,

Shock waves in gas dvaamics o e deasoribed he

or Boltznann cquations. Vo prove b cxisbence of da

the Boltomann equation for shovks which are wear,e The o e et

truncated expansion in powers ol Lhe ahocit sbrengthy i Dot s e

which cone exactly from the Tayior oal ()

The tall

prof ibe tor v oarno e

solution, solution is fonns by a projection mete vt bioe e

Selmidt method as a4 bifurcation from the constant otatsy in winh i the

"

poavameter is the ditference between the speed ol sonnd awel o e

G, Ruestricied lLHil\[l,'(lLi(' fovms and thedr applicalion oo bilapeat i o

in constrained variational prineiptos by d, it Maddocios,

The subjeels of thiz investivation are the abstroot propert tes o
prelications of  vesdedercd can et S The Tirse part o Che pre

resadves the Tollowing question:  if 6L is g sell-=adioiot Tincar apevater

mapping a lithert space I into itself, and 8

[EES R TR

Carcat jon

Sonbation

Sis a subspace of ) owhen o rhe
prrdratic form <u,bus positive Tor auy non=zero u € 87 fu the second port of

Lhe presentation, restricted quadratic forms ave further examined in the

context of constrained variational principles; and the pencral theory i

applicd to obtain inforuation on stability and bitovreation,  Two cexample

then solved:  one ig TMinite=dimensional and of an itlustrative nature; !

other is a tonpstanding problem in elasticity concerning "he stability o

buckled rod, 1o addition to being a valuable analyvtical tool {or iseper

probloems in

specitic

Soare
P
oA

ety i

the caleulus of vaviations, the tests deaserribed are docnable to
et beal treatment N theatem concer g the variatiopa b chacactev i foa ot
cipcnvalucs taoalao obtained,
5. Spatialle inhomoyencous polvierization inowcstiveed Poad, by Do S0 0 cleovitz
and Lo AL Sevel,
A new experimental meChod for the tormation of Jarge poer o o o
. .. . --._ R . Tt a
‘.44;_; T gt g B il basienetiloenl
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vrrow wontecolar weirht distribat ion

soexamined theoreticabiyy e pronten
belongs to b peneral class of trae port=reaction problbens in molti-component
medin, A comprehensive mathematical model of the phenomenon is presentod,
Noteworthy is the Tact that dilfusive fluxes ave deconposed into two parts,
prure diviasion and back=bulk-ttow, 1t 5 showic that the dtull problen, which
consists or an dndinite number of conpled nonlineay ditivrential cquations,

can be reduced to two such equations.  Heat production is also considered in
an auxiliary investisation.,  The appropriate differential equations are solved

numerically and the physical sipnificance of the results is discussed,
) 3 §

Ho The seale of non-hopepencity as dotfined by dilfusion measurcments, by
o S —— e i st e e = e S . P s i+ it ol - e
M. §. Falkovitz and . L.

IFrisch.

The asvmptotic behaviour of the permeation rate in non~homogencous laminarx

L]
slabs of increasing width U is stadicd.  We show rigorously that lor a wide
class of slabs with non~homoyencities distributed in a statistically homo-

cencous manner, the permeiation rate approaches that of a homopencous slab as
}
L/7€-.

The result is compared with previous studies of this subject,

7.

Crawvling of worms, by J, B, Keller and M, S, Falkovita,

The niechanics of a worm cravling alone a flat suwrface is analyzed.  The
cuternal torces of friction and pravity, and the isternal pressure and tensjon,
are taken into acconml, An ocgquation ol wotion is formolated, and solations ave
soup bt in which both the tension and the Tinear density are vequived to e

bhoetween preseribed bhounds, Poalse and peviodic travelbing wave solulions ave
constractaed. The mazimom erawling velocity Is determined, as well as the wave
form which arhicves it,  Compavison of the resabts with esperimental obscrvations

shovs that the theory vields o maziouny evawlimy velocity whiclh s much Tarper

than the observed velocitye  Therefove the theory was changed to require that
the time vate of chanpe of tension be less

than a prescriboed bound, rather than
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that the toasion be bonnded,  With 11 s sodilication, the theory agrees fairly

woll with the obscrvations,

8. dhe random choiee method and the Mree—savface water profile atter the collapse

ol a dam wall, by Ao Jefrrey and J, tlvangi.

The random choiee (RC) method doe to Clinm [1], subsequently modified by

Chorin [2] and Sad [3], is applicd to the shallow water ecquatiouns of Stoker [6],
in order ta detevmine the Vree—surface profile of water, as a function of

position and time, when o dam wall soddenly colltapses,  The namerical results

obtained by this methoed are compared with the analytical results due to Stoker
for this classical problem [5], and wvith mmerical results obtained by o further

modification of the Glinm=Chorin schime involving a smoothing operation.  The

tmprovement brought about by the smoothine, and the penerallv close agrecient
with the exact resutt that is then obtained, is a feature of this moditiced
approach,

9. A statistical theory for imperfect bifurcation, by J. G, Watson and B, L.

Reiss.

An "honest" statistical method is presented to analyze the effects of
imperfections, and other disturbances on the bifurcation of solutions of non-
Linear problems.  First, uniformly valid asymptotic approximations of the
solutions are obtained (or any realization ol the imperfections,  ‘The approx-

tnations ave valid as the magnitnde of the iapertfections approaches zevo,  The

statisticat propertics of the solatCions are then deduced divectds from there

Aapprosimat oo, tor o specilicd statistics of the fopevtections, For simplicity

of presentation, the imperfect fons ave taken as cero-mean, wvide-sense stationarvy,

Catecsian random processes,  The statisticnl analvsis is elenentary. 1t provides

casily analvzed results for the expected values and variances of the selations,

Confidence Limits are also piven,

atela-
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10, Global exi=stence for o cenerva,

L »}i_t ' <\."_l ,if

cquation, by
M, Weinstoein,

A solficient condition for ylabal existence is obtained JTor the seneralized

. . . . ! 1 +
Kovtewey = de Vedes Bqual ion (Gl ”t g o buwo =0 . U L O W S

. of GRAV.

s 31

A

Ihe Nonlinear Sehirodingec cquations and sharp fnterpolation estiwates, by

M. o b. Heinstein,

A sharp salticient condition Lo plobil existence ts obtained for

the
nonl ineav S\:ln'lhlin;:or cquat ion
) t
. . A « - I\\ — 3
(HLS) 2up kAR fp] e =0, <aer", 1w ,
in the case ¢ = 2/N.  This conditioy is in terns of an ecxact stationary
solution (nonlincar ground state) ot (NLS). 1L is derived by solviug a *

variational problem to obtain the "best constant” for classical interpolation
eatimates of Nivenbery and Gagliardo,

Copy available to DTIC docs‘ no
pegit fully legible reproduction

e e T S U R A

L - T Sy Sy AR A Y
el e e o G e S ','.". . ..‘.., '-{\}-."-‘;‘- ) ‘..\ B . LY Y "a .

AT T PRI A N RN R PR S PR AN A







